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Description 

BACKGROUND Field of Invention 

[0001] This invention relates to sputter deposition of 
thin films in a vacuum, specifically to an improved a> 
paratus for depositing compound thin films. 

Background Description of Prior Art 

[0002] The DC magnetron sputter coating process 
has proven to be an effective and economical thin film 
coating process for a variety of films and substrates. 
There are three major types of DC magnetron. 
[0003] The first is the round disc or semi conical disc 
magnetron used for coating semiconductors and com- 
puter hard discs. 

[0004] The second, the planar magnetron is widely 
used for coating architectural glass. 
[0005] The third is the rotating cylindrical magnetron. 
US Patent 4,422,916 To.McKelvey (1984) discloses a 
rotating cylindrical cathode having a continuous sur- 
face. Such cathodes have been fabricated of metals and 
metal alloys and silicon. They have been used to advan- 
tage for depositing metals, alloys, oxides, and nitrides. 
The rotating cylindrical magnetron is the most recent de- 
velopment and has an advantage oyer the other two 
types. It can utilize a higher proportion of cathode ma- 
terial. 

[0006] Magnetron sputtering can deposit most metals 
and some alloys. Compounds such as oxides and ni- 
trides can be made by reactive sputtering whereby a sol- 
id cathode is sputtered in the presence of a gas which 
will combine chemically with the solid cathode material 
in a desired manner. Some compound materials can be 
deposited by sputtering cathodes of the desired com- 
pounds. 

[0007] However, DC magnetron sputtering has defi- 
nite limitations. It cannot economically deposit many 
.compound thin films, especially semiconductors. 
Such compounds include those requiring combinations 
of metals with elements which dont exist as a gas or 
which can't be converted to a gas without toxic or haz- 
ardous properties. Gases such as H 2 S, H 2 Te, H 2 Se f 
AsH 3> and PH 3 fall Into this category and can be used 
to reactively sputter such semiconductor materials as 
CdS, CdTe, ZnTe, CdSe, CuinSe 2 , GaAs and InR These 
materials, to be of use, require accurate control of ele- 
mental ratios. In the process of reactive sputtering a 
phenomenon known as the hysteresis effect interferes 
with accurate control of elemental ratios since it causes 
rapid pressure swings at the gas pressures which can 
produce the desired ratios of elements. The reason for 
the pressure swings is that the cathode surface, which 
starts as a pure metal becomes coated with the same 
material that one wishes to deposit Most compound 
materials sputter at different rates than their precursor 
materials. Since a sputter rate difference . implies a 
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change in reactive gas usage this rate difference causes . 
the pressure swings. Some workers In the field try to 
compensate for the pressure swings by using larger 
. vacuum pumps which mask the swings but don't elimi- 
5 nate local pressure changes around the cathode. Oth- 
ers use more complicated control schemes which usu- 
ally control the process globally, but again, this may not 
prevent local pressure difference. Local pressure diffej- 
ences of reactive gas around the sputter cathode can 
10 cause imperfections in the deposited film. 

{0008] Some compound materials can be made into 
solid compound planar cathodes at considerable cost 
but are still not economically sputtered. Most solid com- 
pound cathodes possesses such low thermal conduc- 
ts tivity that they must be sputtered slowly to prevent melt- 
ing or cracking. Even when RF sputter power Is applied 
it cannot make up for the lack of adequate thermal con- 
ductivity. Rf sputtering is difficult to use in large area 
deposition as the frequency used (13.56 MHz) can 
20 cause spontaneous plasmas to ignite in undesired are- 
as of larger coating chambers. RF power supplies are 
significantly more expensive than DC supplies which 
has a negative economic effect. Whether RF or DC is 
used, many times the desired elemental ratio incorpo- 
25 rated in the solid cathode is not preserved in the final 
film because of different sputtering rates for each ele- 
ment. 

In such cases smaller but still significant amounts of the 
above mentioned toxic gases must be added to the sput- 
30 tering process to remedy deficiencies in the elemental 
ratios of the deposited films. 

[0009] In nearly all cases cathode material purity is a 
constant problem. While not as important for architec- 
tural films, extreme purity is essential for semiconduc- 

35 tors films. For this reason, the electronics industry usu- 
ally uses magnetron sputtering usually for metal con- 
ductors on semiconductor devices and for the coating 
of magnetic hard discs for computer memories but not 
for deposition of semiconductors themselves. 

40 [001 0] Cathodes of pure metals, while the easiest to 
make, are not available for all metals. Metal having low 
melting temperatures such as Gallium or Indium cannot 
be sputtered rapidly for fear of melting the metal, which 
causes it to drip, ruining the substrate nearby as well as 

45 the cathode itself. Materials which react with the atmos- 
phere, such as Phosphorus, obviously cannot be easily 
made into cathodes. 

[0011] Alloys are often difficult since during casting 
they can form large areas of non-uniform metal ratio . 

so The component metals of the alloy sometimes do not 
sputter at the same rate. Both of these effects produce 
non-uniformities in the deposited thin film. 
[0012] Finally it should be noted that fabrication of cy- 
. lindrical cathodes is much more difficult than for planar 

55 cathodes. Planar cathodes can be cast or pressed into 
flat plates and then clamped to the cathode apparatus. 
Unless the material already exists in tubular form such 
as for Stainless Steel, Copper, Aluminum, Titanium, and 
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Zinc alloys tubing, then cylindrical cathodes must either 
be plasma sprayed, which is more expensive and pro- 
duces less pure material or the cylinder must be elec- 
troplated which is an effective method but available only 
for some metals or the material must be vacuum cast 
around the cylindrical cathode base which again works 
only for a few metals and is not inexpensive. 
[001 3] From the above one can understand why cath- 
odes of compound materials are nearly unobtainable for 
cylindrical cathodes. 

[0014] US Patents No. 4,356,073 to McKelvey (1982) 
and 4,443,318 to McKelvey (1984) attempt to deposit 
multiple layers of different materials with a rotatable but 
not continuously rotating cathode comprised of clamped 
slabs of different materials wherein a slab of a selected 
material can be brought into position in the plasma coat- 
ing zone and deposited onto the substrate. By the nature 
of the apparatus the multiple materials are deposited in 
an awkward sequential layered fashion and do not pos^ 
sess the desired uniformity. In order to achieve a com- 
pound thin film after the deposition process, extensive 
heating is needed to diffuse the layers together into a 
continuum and even then, because of poor elemental 
ratio control and lack of uniformity, the resulting com- 
pound thin films possess inferior characteristics. 
[0015] An apparatus and method corresponding to 
the preambles of claims 1 and 17 is known from US-A- 
4 866 032. 

[0016] US-A-5 211 824 describes applying the mate- 
rial to be sputtered onto a rotating surrogate cathode in 
molten form using a roller. 

OBJECTS AND ADVANTAGES 

[0017] Objects of this invention are: 
[0018] The economical formation of a larger class 
than heretofore available of substantially improved qual- 
ity compound thin films without the use of toxic gases 
or compound cathodes. 

[0019] To provide a thin film synthesis process which 
is more environmentally acceptable with little or no toxic 
gas usage. 

[0020] To provide thin films having superior properties 
resulting from the high deposition energy inherent in 
sputtering while gaining much of the economic advan- 
tage and ease of use of thermal processes. 
[0021] Improved purity, uniformity, and ease of control 
of elemental ratios of deposited compound thin films. 
[0022] The efficient use of materials by preventing 
their escape In any significant amount into the coating 
chamber and through Its associated pumping system 
and thence to the outside environment. 
[0023] Further objects and advantages are to provide 
a sputtering apparatus which can deposit compound 
thin films in an environmentally safe, economical, and 
rapid manner, which provides a simple process which is 
easily controlled and by virtue of its slmpllcity.eases the 
training requirement of the associated operating per- 



sonnel thus providing a superior coating process with 
significantly greater safety and environmental accepta- 
bility. 

[0024] The invention relates to an apparatus as set 
s out in claim 1 and a method as set put in claim 17. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] 

10 * 

Fig 1 ..Side view of apparatus and essential compo- 
nents 

Fig 2..Perspective view of apparatus and essential 
components 

is Fig 3. Apparatus configuration to deposit Cu!nSe 2 
Fig 4..Geometrical aspects affecting film uniformity 



Reference Numerals In drawings 
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Vapor Source Assembly 




3.3' 


Vapor Ducts 




4,4' 


Lids 
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5,5' 


Joint Seals 
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Heaters 
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Gap Between Vapor Duct and Gathode 




8,8' 


Vapor 
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Deposited Compound Thin. Film 
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10,10' 


Material Container 




11.11' 


Temperature Sensors 




12,12' 


Aperture Arrays for Vapor 




13,13" 


Heater Controllers 




14,14' 


Material in Vapor Source Container 
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15A 


Sputter Power Supply for Auxiliary Cathode 




15P 


Sputter Power Supply for Primary Cathode 
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. Plenum 




18 


Primary Rotating Sputtering Magnetron 




19 


Primary Cathode Surface 


40 


20A 


Magnetic Assembly for Auxiliary Magnetron 




20p 


Magnetic Assembly for Primary Magnetron 




22A 


Sputtered Material Plume from Auxiliary Cath- 
ode 




22P 


Sputtered Material Plume from Primary Cath- 
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ode 




23 


Electron Injection Gun 




26A 


Auxiliary Plasma Sputter Zone 




26P 


Primary Plasma Sputter Zone 




31,31' 


Auxiliary Rotating Magnetron 
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32,32' 


Auxiliary Cathode Surface 




34 


Coating Roller 




36 


Pickup Roller 




38 


Lid for Crucible 




39 


Retracting Mechanism for Crucible 
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40 


Molten Material Crucible 




41 


Temperature Sensor for Crucible 




42 


Molten Material Container 




43 


Rower Supply for Crucible Heaters 
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44 Molten Materia! " ; . 

46 Substrate Support Mechanism 
48 . Substrate 
55,55' Gas Baffles 

DESCRIPTION OF A PREFERRED EMBODIMENT 
Physical Description 

[0027] Figure 1 shows a side view and Figure 2 shows 
a perspective view (altered slightly from Fig 1) of appa- 
ratus suitable for magnetron sputter deposition of a 
compound thin film 9, Referring now to Fig.1, we show 
a thermally cooled primary rotating magnetron surro- 
gate cathode assembly 18 (shown with end removed) 
having a cathode surface 19 and a magnetic assembly 
20P whose position defines a plasma sputter zone 26P. 
Primary cathode magnetron assembly 18 Is mounted by 
mechanical supports (not shown) in an evacuable coat- 
ing chamber which has the usual pumping system, 
valves, and controls (not shown). Adjacent to primary 
cathode surface 19 is a vapor source 2 (shown in cross 
section) positioned so as to define a gap 7 between 
source 2 and primary cathode surface 19. in this draw- 
ing vapor source 2 has one material container 10 filled 
with material 14. Vapor duct 3 is positioned closely ad- 
jacent and parallel to primary cathode surface 19. Ap- 
erture array 12 connects duct 3 to material container 1.0. 
Material container 10 and source lid contain heaters 6. 
Temperature sensor 11 is thermally connected to mate- 
rial 14 and is electronically connected to heater control- 
ler 13. 

[0028] Vapor source 2 is fabricated of material suita- 
ble to contain material 14 at desired elevated tempera- 
tures. Radiation shields (not shown) suitable to lessen 
heat loss can be attached to the outer surfaces of vapor 
source 2 if desired. Lid 4 is attached to container 10 by 
mechanical fasteners (not shown) to form vapor seal 5. 
[0029] A power supply 15P electrically contacts and 
supplies electrical power to primary cathode assembly 
18. 

[0030] A thermally cooled auxiliary rotating magnet- 
ron surrogate cathode assembly 31 is positioned adja- 
cent primary cathode assembly 18. Auxiliary magnetron 
assembly 31 has a cathode surface 32 and a magnetic 
assembly 20A to confine a plasma sputter zone 26A. 
[0031] A power supply 15A electrically contacts and 
supplies electrical power to auxiliary cathode assembly 
31. 

Auxiliary cathode assembly 31 is positioned so as to di^ 
rect a sputtered material plume 22A onto primary cath- 
ode surface 19. 

[0032] A molten material crucible assembly 40 
(shown with the end wall removed) is supported by re- 
tracting mechanism 39. Crucible assembly 40 is posi- 
tioned adjacent and parallel to auxiliary cathode surface 
32. A coating roller 34 contacts auxiliary cathode 32 and 
is rotated by a rotary mechanism (not shown) in a man- 
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ner synchronous to cathode 32*s rotary motion. A pickup 
roller 36 is immersed in a molten material 44 and con- 
tacts coating roller 34 and is rotated by a rotary mech- 
anism (not shown) in a manner synchronous to roller 
5 34's rotary motion. A temperature sensor 41 Is thermally 
connected to molten material 44 and electronically con- 
. nected to a heater controller 43. A lid 38 rests atop a 
molten material container 42. Lid 38 and container 42 
contain heaters 6 which are controlled by heater con- 
to trailer 43. 

[0033] Another auxiliary magnetron 31' is positioned 
on the other side of primary magnetron 18. Auxiliary 
cathode surface 32' can be precoated externally prior to 
insertion in the evacuable coating chamber with a se- 
ts lected material. 

[0034] Substrate 48 is advantageously positioned to 
primary cathode assembly 19 by a support 46. 

Operational description 

20 

Example #1... Deposition of a Binary Compound... CdTe 

Using Vapor Source 2 and a Primary Surrogate 
Magnetron 18 

25 

[0035] Figure 1 (side view) shows a configuration con- 
taining ail mechanisms essential to this invention. In ac- 
tual use some mechanisms might be omitted while other 
would be duplicated. For example, to deposit the mate- 

30 rial CdTe, we need only two vapor sources 2 and one 
primary cathode assembly 18. This is shown in figure 3. 
[0036] Referring to Figure 3, to deposit GdTe, contain- 
er 1 0 is filled with Cd in a convenient form (a powder or 
a mossy form or granules) while container 10' is filled 

35 with Te in a convenient form. Upon heating, these ele- 
ments will generate vapors having a working pressure 
in the range of approximately 10" 7 to 1 torr (1 torr = 133. 
Pa) depending on the desired thickness of compound 
thin film 9. Each container 10 and 10* Is separately heat- 

40 ed to selected temperatures and pressures to give the 
ratio of Cd to Te desired in the final product compound 
thin film 9. 

Cd vapor 8 and Te vapor 8' enter ducts 3 and 3' through 
arrays of apertures 12 and 12* and are guided by ducts 

45 3 and 3' to plenum 16 where they are allowed to diffuse 
and mix together. The mixture of vapors 8 and 8' then 
condenses from plenum 16 in a continuous uniform film 
upon cathode surface 1 9 which is then rotated to sputter 
plasma zone 26P which sputter deposits CdTe film 9 on- 

50 to substrate 48. 

[0037] Gap. 7 is set to the minimum dimension con- 
sistent with the accuracy of rotation of the cathode sur- 
face 18. Gap 7 serves to confine the vapors to the ple- 
num area 16 and minimize their escape to other parts 

55 of the coating chamber. Surrogate cathode 19 rotates 
and carries the condensed Cd and Te into sputter plas- 
ma zone 26P. The Cd and Te are sputter deposited onto 
substrate 48 with deposition energy characteristic of 
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sputtering and deposit a film 9 of CdTe with very uniform 
composition. 

[0038] The vapor feed rate Is set so as to coat cathode 
surface 19 with a condensed material thickness greater 
than that removed in a single rotation. In this example, 
the surrogate cathode surface 19 itself is not sputtered 
and does not contribute material directly to the coating 
process. 

Example #2...Deposition of a Ternary Compound.... 
' CulnSe 2 

[0039] Using a Vapor Source 2, a Primary Cathode 
Assembly 18 auxiliary cathode assembly 31 \ a Copper 
pre-coated Cathode Surface 32\ Auxiliary Cathode 31 
and a Molten crucible assembly 40. 
[0040] The compound semiconductor Culn Se 2 can 
be made using the apparatus shown In Fig.1 . Selenium 
In a convenient form is loaded into container 10 of vapor 
source 2. The temperature of selenium 14 is controlled 
by sensor 11 and heat controller 1 3 to achieve a vapor 
pressure suitable to condense a sufficiently thick film of 
Selenium on cathode surface 19 of primary rotating 
magnetron cathode assembly 18. 
[0041] Cathode surface 32' of Auxiliary rotating mag- 
netron cathode assembly 31 1 has been pre-coated, ex- 
ternal to the coating chamber, with a substantially thick 
layer of pure copper. While in the coating chamber, Cop- 
per coated auxiliary cathode 32* sputter deposits a layer 
of copper onto primary cathode 19. Primary cathode 19 
is also coated with a layer of condensed selenium by 
vapor source 2. Primary cathode 1 9 is also sputter coat- 
ed with a thin layer of Indium sputtered from auxiliary 
cathode 32. Auxiliary cathode 32 is coated with molten 
Indium by a molten crucible assembly 40. Indium is se- 
lected for this crucible because it has a low melting point 
and a low vapor pressure. Such a combination of prop- 
erties makes the molten material crucible 40 more suit- 
able, in this particular instance, for Indium than vapor 
source 2. Cathode 32 is coated with Indium by means 
of coating roller 34 which is heated to a temperature 
above the melting point of Indium. As the molten Indium 
touches the cooler auxiliary cathode surface 32 it freez- 
es and adheres. Coating roller 34 is jn turn coated by 
pickup roiler 36 which drags molten Indium 44 from con- 
tainer 42 while rotating in synchronism with roller 34 and 
cathode 32. 

[0042] Once auxiliary cathode 32 is Indium coated to 
a thickness sufficient for a desired time period of oper- 
ation, then crucible assembly 40 is retracted from cath- 
ode 32 by retracting mechanism 39. Auxiliary cathode 
32 then sputter coats Indium onto primary cathode 19. 
As the Indium coating is spent, a point is reached where 
the film deposition process is stopped and crucible as- 
sembly 40 is re-applied to cathode surface 32. Addition- 
al Indium is applied, the crucible assembly 40 is again 
withdrawn and the sputter deposition proceeds. The 
amount of Indium coating sputtered onto primary cath- 



10 710 B1 8 

ode surface 18 is controlled by power supply 1 5A. 
[0043] This apparatus produces a 3 layer coating on 
primary cathode 19. If cathode 19 rotates clockwise as 
seen in figure 1 , then Copper is on top, Indium is in the 

S middle and Selenium is at the bottom. Such a coating 
on cathode 19 will produce a deposited film 9 which Is 
Selenium rich on substrate 48 as it enters sputter plume 
22P, Indium rich as the substrate is at the center of sput- 
ter plume 22P and Copper rich as the substrate leaves 

10 sputter plume 22P. It is obvious that such a layered film 
9 is not uniform and will require substantial heat treat- 
. ment in order to achieve even minimally acceptable 
properties. 

[0044] Figure 4 shows the geometric essentials appli- . 

15 cable to this phenomenon for.a simpler two layer film of 
materials A and B. The main idea here is that the each 
layer seems to come from a different location of the cath- 
ode surface. The closer a "source" is to an area of the 
substrate the richer in that source's material the depos- 

£0 fted film will be at that point. 

There are several methods which can be used with a 
rotating surrogate primary cathode to avoid the non-uni- 
formity produced by the layering phenomenon in depos- 
ited film 9 described above. 

25 [0045] As shown on figure 4 the material layer on top 
will always appear as a "source" of that material on the 
right hand side of sputter zone 26P. Similarly the other 
layer will appear as a source on the left in fig 4. One 
method to reduce the non-uniformity produced by a lay- 

30 ered precursor coating on primary cathode 1 9 is to apply 
a cyclic variation in power to primary cathode 19. The 
variation should have an equivalent sinusoidal ampli- 
tude of slightly less than twice the average power. This 
will cause the relative positions of the layers to change 

35 as they rotate into the sputter zone. Assuming that a res- 
ervoir of several layers has been previously coated onto 
cathode 1 8, such cyclical power will not sputter the sur- . 
rogate cathode surface 18 itself. 
[0046] As different layers become exposed it then 

40 causes the relative positions of ail "sources" to ex-, 
change places several times while a particular point of 
substrate 48 is in sputtered material plume 22P. : 
[0047] The cyclic power method works as follows: 
power variation equates to material removal rate in sput- 

4$ terplasma zone 26P. When layer B is on top a B "source" 
exists at the first part (right side) of the sputter zone and 
an A source is on the left. This is seen in Figure 4. As 
power increases material is sputtered away faster than 
the growth rate of the coating deposited by vapor source 

so 2. The B layer Is removed faster than it is deposited and 
now the A layer is exposed further toward the start pf 
the sputter zone. Now an A source exists on the right 
side along with a B "source". As power is cyclically de- 
creased to the cathode the sputter rate becomes slower 

55 than the growth rate of the AB coating. The B layer then 
becomes thicker and the "B" source returns to its original 
position. In this way we see the positions of the exposed 
layers cyclically interchange. 
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[0048] The net effect of this cyclical power application 
Is to distribute the layering effect among several sublay- 
ers in film 9. This can improve the uniformity in film 9 by 
a factor equal to the number of sublayers produced. This 
improvement can be a factor of 10 or more. Depending 
on the geometry of sputter zone 26P a suitable wave- 
form type of cyclic power can be selected. Many wave- 
forms including rectangular waves, sine waves, and tri- 
angular waves may be considered for this application. 
[0049] The cyclic frequency will be related by a factor 
F to the rotation rate of primary rotating cathode surface 
18. The factor F will be approximately the ratio of the 
rotating cathode circumference to the width of the sput- 
ter zone track. For instance, if cathode 19's circumfer- 
ence is 40 cm. and sputter plasma zone 26P is formed 
as an oval 5cm wide with.a 0.7 cm track width then one 
value of the cyclic frequency factor F will be approxi- 
mately 40/0.7 = 55. Another value of F will be 40/5 = 8. 
So, If primary magnetron 18 is rotating at 1 revolution 
per second then the cyclic frequency will be approximat- 
ly 8 to' 55 Hz. The factor F is an aid to visualization. The 
actual cyclic frequency of power amplitude modulation 
may vary considerably depending on the particular con- 
figuration of the system. 

[0050] Figure 4 also shows that the narrower sputter 
zone 26P can be made then the smaller the separation 
between "sources". This will cause a more uniform film 
9 to be deposited . In the case of a magnetron supported 
discharge, a single open magnetic circuit will form a sin- 
gle open plasma tube sputtering zone. Such an open 
plasma tube is a desirable narrow sputter source. 
However, an open plasma tube cannot trap electrons as 
effectively as can the wider closed oval race track usu- 
ally used. The result of less electron trapping is a nar- 
rower operating range of pressure and power. To en- 
large the operating range it is common to thermionically 
support the plasma with extra electrons injected from a 
hot electron emitting filament. The usual practice is to 
inject electrons directly at the plasma zone on a line per- 
pendicular to the plasma. This usual practise causes the 
hot electron injecting filament and any associated elec- 
tron extraction and focusing electrodes to be coated with 
the material being. sputtered. 

[0051] However there is a way to avoid such coating 
of the electron injector. If primary plasma sputter zone 
26P is an open single tube of plasma, then by injecting 
electrons at one end of primary plasma zone 26P with 
electron gun 23, the electrons will become temporarily 
trapped and contribute to the plasma until they exit the 
other end of the plasma tube. Electrons can be injected 
Into only one particular end of the plasma tube, the di- 
rection being determined by the orientation of the mag- 
netic field at the cathode surface. 
[0052] Thus we have three ways to overcome factors 
contributing to non-uniformity of the deposited film 9. 
First, as shown in figure 3, using a plenum 16 for vapor 
premixing we can condense material vapors 8 and 8' 
onto primary cathode surface 19 in a uniform mixed 



coating. Second, we can use an alternating power cycle 
applied to primary rotating magnetron 18. Thirdly, we 
can use an open nan-pw plasma sputter zone 26P which 
may require use of electron gun 23 for thermionic sup- 
's port of plasma zone 26P. 

Summary, Ramifications and Scope 

[0053] The reader will see that the surrogate cathode 
io provides a convenient apparatus for the deposition of 
compound thin films. It allows the combined use of me- 
chanically convenient auxiliary coating methods such as 
thermal vapor sources, molten material rollers and pre- 
coated auxiliary cathodes. The purity provided by such 
15 application methods in T sttu is greatly improved. This is 
because of the ready availability of pure materials in 
powder or granular form and the lack of atmospheric 
contamination. 

[0054] These thermal methods such as molten mate- 
20 rials and vapor sources, while convenient, in them- 
selves have insufficient energy to produce a superior 
film in many instances. However, when added to the 
magnetron sputtering process, the combination of such 
methods and apparatus possesses significantly greater 
25 utility than any of the processes and apparatus sepa- 
rately. This invention can provide economical synthesis 
of compound materials which heretofore have been un- 
economical. 

[0055] We have also shown three methods to improve 

30 film uniformity resulting from the use of a surrogate ro- 
tating magnetron sputtering cathode. 
[0056] Although the description above contains spe- 
cificities, these should not be construed as limiting the 
scope of the invention but as merely providing illustra- 

35 tions of some of the presently preferred embodiments. 
For example, rotating discs cathodes or metal rotating 
belt cathodes supported on cylindrical rollers might be 
used fh some cases in place of the rotating cylindrical 
magnetron surface. The important aspect is that the 

40 magnetron cathode surface rotate in a cyclic manner 
wherein a any point on the cathode surface repeatedly 
passes through plasma sputter zone 26P. 
[0057] Finally, some other aspects of this invention re- 
quire comment. 

45 [0058] First, instead of depositing large amounts of 
material, vapor source 2 can be used to deposit part per 
million or part per billion amounts of material suitable for 
doping semiconductor films. This is possible because of 
the very wide dynamic range of vapor pressures achiev- 

so able In vapor source 2 by means of temperature control. 
For instance, if it were desired to use Indium to dope 
another semiconductor film with part per million (PPM) 
amounts of Indium vapor source then source 2 would be 
suitable since a low vapor pressure would beconven- 

55 lent. 

[0059] Second, molten material crucibles and vapor 
sources can be filled with materials which yield a gas 
and a solid when such material condenses upon a sur- 
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rogate cathode or when such condensed material en- 
ters the sputtering zone. In such a situation, baffles 55 
and 55* shown in figure 1 would serve to control such 
gases if so desired. 

[0060] Thirdly, while substrate 48 is shown as a planar 5 
sheet in these examples, It can be seen that substrates 
of any convenient size and shape may be used and that 
.Instead of a continuous substrate transport 46, other 
substrate supports well known to the art.such as plane- 
tary rotating substrate supports may be used. 1C 
[0061] Fourth, the horizontal aspect presented in 
these examples Is not necessary except in cases requir- 
ing use of the molten material crucibles. Vapor sources 
can be configured to supply vapor in any orientation. Ro- 
tating cathodes can operate In any orientation. f< 
10062] Fifth, the apparatus and methods shown in this 
Invention are suitable for reactive sputtering if desired. 
[0063] Sixth, a molten material crucible might apply 
molten material directly to the primary cathode. 
[0064] Thus the scope of the invention should be de- 20 
termined by the appended claims rather than by the ex- 
amples given. 

Claims 25 

1 . Apparatus for sputtering a compound thin film of se- 
. lected coating materials onto selected substrates, 

comprising an evacuable coating chamber (2), a 
thermally cooled rotating primary magnetron sput- 30 
tering cathode (18), a plurality of controllable auxil- 
iary coating means (31 f 32), said auxiliary coating 
means for coating the surface of said primary cathr 
ode with a plurality of selected materials, charac- 
terised In that the rotating primary cathode is a sur- 35 
rogate cathode and said controllable auxiliary coat- 
ing means cooperate to deposit upon said primary 
surrogate cathode a multi-element coating contain- 
. Ing all necessary elements in controlled amounts, 
said multi-element coating being rotatable into a 40 
sputter plasma zone (26p) of said primary cathode 
which sputter deposits said selected compou nd thin 
film onto said substrates (48). 

2. The apparatus of claim 1, including means for cy- 45 
clically varying the sputter power to said primary 
surrogate cathode at a rate related to the rotation 
rate of the primary cathode so as to improve uni- 
formity of chemical composition of said deposited 
compound thin film. . . 50 

3. The apparatus of ciaim 1 , including use of an elec- 
tron injection means.for injecting electrons into a se- 
lected end of a narrow plasma sputter zone for the 
purpose of Improving deposited film uniformity. 55 

4. The apparatus of claim 1 wherein said means for 
coating the surface of said rotating primary surro- 



gate cathode with material to be carried into a sput- 
ter deposition zone Includes a plurality of heated, 
temperature controlled vapor sources (2), each of 
said vapor sources emitting selected material va- 
pors through a pattern of multiple apertures into a 
vapor duct (3, 3 1 ), said ducts being joined in a ple- 
num chamber closely spaced to said cathode sur- 
face (19), said plenum providing substantial mixing 
of said vapors as they condense upon said surro- 
gate rotating cathode surface in a single uniform 
coating layer of controlled thickness. 

5. The apparatus of claim 1, wherein said means for 
coating the surface of said rotating primary surro- 
gate cathode surface Includes a plurality of heated 
temperature controlled vapor sources (2), each of 
said sources filled with selected materia! emitting 
vapors through a pattern of multiple apertures into 
an exhaust manifold, said vapor source manifolds 
being closely spaced to said cathode surface, caus- 
ing said vapors to condense upon said surrogate 
rotating cathode surface in a multilayer configura- 
tion with separately controlled thicknesses of each 
of said layers. 

6. The apparatus; of claim 1, wherein said means for 
. coating the surface of said rotating primary surro- 
gate cathode (18) includes rotating auxiliary magn- 
etron surrogate sputtering cathodes which are coat- - 
ed by means of a selected combination of heated 
temperature controlled vapor sources, said sources . 
being filled with selected material emitting vapors 
through a pattern of multiple apertures Into an ex- 
haust duct, said vapor source ducts being closely 
spaced to said cathode surface, causing said va- 
pors to condense upon said auxiliary surrogate ro- 
tating cathode surfaces in a controlled thickness. 

7. The apparatus of claim 1 , wherein said means for 
coating the surface of said rotating primary surro- 
gate cathode surface, while in an evacuable coating 
chamber, includes a selected combination of rotat- 
ing auxiliary magnetron surrogate sputtering cath- 
odes which are coated by means of heated molten 
metal crucibles (40) having roller transport means 
(34, 36) for placing controlled amounts of a molten 
material upon said auxiliary cathode surface of such 
thickness as to provide sufficient material for a least 
one rotation of said auxiliary cathode while being 
thin enough so as to not drip when molten thus al- 
lowing substantially higher sputtering power to be 
applied to said auxiliary cathode. 

8. The apparatus of ciaim 1, wherein said means for 
coating the surface of said rotating primary surro- 
gate cathode surface, while in an evacuable coating 
chamber, Includes a heated molten material cruci- 
ble (40) having roller transport means (34, 36) for 
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placing controlled amounts of a molten material up- 
on a primary rotating magnetron sputtering cathode 
surface of such thickness as to provide sufficient 
material for at least one rotation of said cathode 
while being thin enough so as not to drip when mol- $ 
ten thus allowing substantially higher sputtering 
power to be applied to said primary cathode. 

9. The apparatus of claim 1, wherein said means for 
coating the surface of said rotating primary surro- 10 
gate cathode surface, whjie in said evacuable coat- 
ing chamber, includes a selected combination of ro- 
tating auxiliary cathode surfaces (31) pre-coated 
prior to insertion into said evacuable chamber with 
material which, when sputtered in a controlled man- 15 
ner onto said primary rotating cathode, cooperates 
with other materials deposited onto said primary ro- 
tating surrogate cathode to deposit a thin film hav r 
Ing a desired amount of said precoated material in 

' said thin film. . . 20 

10. The apparatus of claim 1, wherein said means for 
coating the surface of said rotating primary surro- 
gate cathode surface includes a selected combina- 
tion of rotating auxiliary cathode surfaces coated by 25 
means of molten material crucibles and vapor 
sources with materials which decompose into a sol- 
id and a gas during vaporization or when sputtered. 

11. The apparatus of claim 1, including gas baffles 30 
which control gases emitted by said auxiliary coat- 
ing means, said baffles optionally also serving to 
isolate the primary sputter zone from auxiliary sput- 
ter zones. 

35 

12. The apparatus of claim 1, including the separate 
thermal control of vapor sources and separate sput- 
ter power control of auxiliary magnetrons comprise 
ing said auxiliary coating means to accurately con- 
trol elemental ratios in the final sputter deposited *o 
compound thin film. 

13. The apparatus of claim 1, wherein the controllable 
auxiliary coating means each comprise a vapor 
source including a material container with lid and 45 
controlled heating means, a vapor duct connected 

to said material container by means of a pattern of 
selected apertures, said vapor ducts being termi- 
nated in a plenum region, said plenum region 
placed adjacent to the rotating primary magnetron so 
sputtering cathode surface with a minimum gap 
consistant with rotation accuracy of said rotating 
magnetron cathode surface. 

14. The apparatus of claim 1, wherein the controllable 55 
auxiliary coating means comprises a molten mate- 
rial container with controlled heating means* with at 
least one rolier tp transfer molten material from said 



crucible to the rotating primary magnetron sputter- 
ing cathod e surface which is in contact with said roll- 
er, with rotary means to synchronize rotation of said 
roller and said rotating cathode surface. 

15. Apparatus according to claim 1 wherein the auxilia- 
ry coating means coats the surface of said primary 
cathode with precursor material by a selective com- 
bination of thermal vapour sources and by material 
sputtered from an auxiliary rotating surrogate mag- 
netron, the surface of the auxiliary cathode being 

. coated by molten material roller coaters wherein 
said rotating primary surrogate cathode carries the 
said precursor material into an associated plasma 
sputtering zone wherein said precursor material is 
converted into said chemical compound. 

16. Apparatus according to claim 1 in which the auxil- 
iary coating means coats the rotating primary cath- 
ode surface with precursor material by a selected 
combination of thermal vapor sources and by ma- 
terial sputtered by an auxiliary rotating surrogate 
magnetron, the surface of the auxiliary cathode sur- 
face having been precoated with a selected mate- 
rial prior to insertion into said evacuable coating 
chamber, wherein said rotating primary surrogate 
cathode carries said precursor material into an as- 
sociated plasma sputtering zone wherein said pre- 
cursor material is converted into said chemical com- 
pound. 

17. A method for sputtering a compound thin film of se- 
lected coating materials onto selected substrates, 
comprising providing an evacuable coating cham- 
ber containing a thermally cooled rotating primary 
cathode, a plurality of controllable auxiliary coating 
means for coating the surface of said primary cath- 
ode with a plurality of selected materials, charac- 
terised in that the rotating primary cathode is a sur- 
rogate cathode and by causing said controllable 
auxiliary coating means to cooperate to deposit up- 
on, the surface of said primary surrogate cathode a 
multi-material coating containing all the necessary 
materials in controlled amounts wherein said multi- 
material coating on the surface of said primary sur- 
rogate cathode is rotated into a sputter plasma zone 
of said primary cathode, causing the selected com- 
pound thin film to be deposited onto at least one 
substrate. 

18. The method of claim 18, including cyclically varying 
the sputter power to said primary surrogate cathode 
at a rate related to the rotation rate of the primary 
cathode so as to improve the uniformity of the 
chemical composition of the deposited compound 
thin film. 
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Revendicatlohs . ' 

1 . Appareil pour pulveriser une couche mince de com- 
pose de matieres de revetement seiectionnees sur 
des substrats selectionnes, comprenant une cham- 
bre de revetement evacuable (2), une cathode de 
pulverisation de magnetron principale rotative re- 
froidiethermiquement(18), une pluralite de moyens 
de revetement auxiliaires controlables (31, 32), les- 
dits moyens de revetement auxiliaires servant a en- 
rober !a surface de ladite cathode principale avec 
une pluralite de matieres seiectionnees, caracteri- 
se en ce que la cathode principale rotative est une 
cathode porteuse et lesdits moyens de revetement 
auxiliaires controlables cooperent pour deposer sur , 
ladite cathode porteuse principale un enrobage a 
elements multiples contenant tous les elements ne- 
cessaires dans des quantites controlees, led it en- 
robage a elements multiples pouvant tourner dans 
une zone de pulverisation par plasma (26p) de la- 
dite cathode principale qui depose par pulverisation 
ladite couche mince de compose selectionnee sur 
lesdits substrats (48). 

2. Appareil selon la revindication 1, comportant un 
moyen pour faire varier cycliquement la puissance 
de pulverisation de ladite cathode porteuse princi- 
pale a un taux lie a la Vitesse de rotation de la ca- 
thode principale de maniere a ameliorer Punifprmite 
de la composition chimique de ladite couche mince 
de compose deposee. 

3. Appareil selon la revendication 1 , comportant I'uti- 
lisation d'un moyen d'injection d'eiectrons pour in- 

. jecter des electrons dans une extremite selection- 
nee d'une zone de pulverisation par plasma etroite 
afin d'ameliorer Punifprmite de la couche deposee. 

4. Appareil selon la revendication 1, dans lequel ledit 
moyen pour enrober la surface de ladite cathode 
porteuse principale rotative avec une matiere a 
amener jusque dans une zone de depot par pulve- 
risation comporte une pluralite de sources, de va- 
peur chauffees, regulees en temperature (2), cha- 
cune desdites sources de vapeur emettant de va- 
peurs de matieres seiectionnees a travers une 
structure d'ouvertures multiples dans un conduit de 
vapeur (3, 3 1 ), lesdits conduits etant joints dans une 
chambre de tranquillisation etroitement espacee de 
la surface (19) de ladite cathode, ladite chambre de 
tranquillisation assurant un melange substantiel 
desdites vapeurs au fur et a mesure qu'elles se con- . 
densent sur la surface de ladite cathode rotative 
porteuse en une couche de revetement uniforme 
unique d'une epaisseur contrdlee. 

5. Appareil selon !a revendication 1, dans lequel ledit 
moyen pour enrober la surface de ladite cathode 



porteuse principale rotative comporte une pluralite 
de sources de vapeur chauffees, regulees en tem- 
perature (2), chacune desdites sources etant rem- 
plie d'une matiere selectionnee emettant des va^ 

5 peurs a travers une structure d'ouvertures multiples 
dans un collecteur d'echappement, lesdits collec- 
teurs de sources de vapeur etant etroitement espa- 
ces de la surface de ladite cathode, forcant lesdites 
vapeurs a se condenser sur la surface de ladite ca- 

10 thode rotative porteuse en une configuration muiti- 
couche avec des epaisseurs controlees separe- 
ment de chacune desdites couches. 

6. Appareil selon la revendication 1, dans lequel ledit 
15 moyen pour enrober la surface de ladite cathode 
porteuse principale rotative (18) cbmprend des ca- 
thodes de pulverisation porteuses de magnetrons 
auxiliaires rotatives qui sont enrobees au moyen 
d'une combinaison selectionnee de sources de va- 
20 peur chauffees, regulees en temperature, lesdites 
sources etant remplies d'une matiere selectionnee 
emettant des vapeurs a travers une structure 
d'ouvertures multiples dans un conduit tfechappe- 
ment, lesdits conduits de sources de vapeur etant 
25 etroitement espaces de la surface de ladite catho- 
de, forcant lesdites vapeurs a se condenser sur les 
surfaces desdites cathodes rotatives porteuses 
auxiliaires sur une epaisseur controlee. 

30 7. Appareil selon ia revendication 1, dans lequel ledit 
moyen pour enrober ia surface de ladite cathode 
porteuse principale rotative, lorsqu'eile se trouve 
dans une chambre de revetement evacuable, com- 
porte une combinaison selectionnee de cathodes 

35 de pulverisation porteuses de magnetrons auxiliai- 
res rotatives qui sont enrobees au moyen de creu- 
sets de metaux fondus chauffes (40) ayant des 
moyens de transport a rouleaux (34, 36) pour placer 
des quantites controlees d'une matiere fondue sur 

40 . ladite surface de cathode auxiiiaire sur une epais- 
seur fournissant suffisamment de matiere pendant 
au moins une rotation de ladite cathode auxiiiaire 
tout en etant assez mince pour ne pas goutter 
quand elle est fondue, permettant ainsi d'appiiquer 

45 une puissance de pulverisation sensiblement supe- 
rieure a ladite cathode auxiiiaire. 

8. Appareil selon la revendication 1, dans lequel ledit 
moyen pour enrober la surface de ladite cathode 

so porteuse principale rotative, lorsqu'eile se trouve 
dans une chambre de revetement evacuable, com- 
porte un creuset de matiere fondue chauffee (40) 
ayant un moyen de transport a rouleaux (34, 36) 
pour placer des quantites controlees d'une matiere 

55 fondue sur une surface de cathode de pulverisation 
de magnetron rotative principale sur une epaisseur 
fournissant suffisamment de matiere pendant au 
moins une rotation de ladite cathode tout en etant 
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assez mince pour ne pas goutter quand elle est fon- 
due, permettant ainsi rfappliquer une puissance de 
pulverisation sensiblement superieure a ladite ca^ 
thode principale. 

9. Appareil selon la revendication 1, dans lequel ledit 
moyen pour enrober la surface de ladite cathode 
porteuse principale rotative, lorsqu'elle se trouve 
dans une chambre de revetement evacuable, com- 
porte une combinaison selectionnee de surfaces de 10 . 
cathodes auxiliaires rotatives (31) pre-enrobees 
avant I'insertion dans ladite chambre evacuable 
avec une matiere qui, lorsqu'elle est pulverisee 
d'une maniere controlee sur ladite cathode rotative 
principale, coopere avec d'autres matieres depo- 1$ 
sees sur ladite cathode porteuse rotative principale 

afin de deposer une couche mince ayant une quan- 
tity desiree de ladite matiere pre-enrobee dans la- 
dite couche mince. 

20 

10. Appareil selon la revendication 1, dans lequelledit 
moyen pour enrober la surface de ladite cathode 
porteuse principale rotative comporte une combi- 
naison selectionnee de surfaces de cathodes auxi- 
liaires rotatives enrobees au moyen de creusets de 25 
matieres fondues et de sources de vapeur avec des 
matieres qui se decomposent en un solide et un gaz 
durant {'evaporation ou lorsqu'elles sont pulveri- 
sees.. 

30 

11. Appareil selon la revendication 1, comportant des 
deflecteurs de gaz qui controlent les gaz emis par 
lesdits moyens de revetement auxiliaire, lesdits de- 
flecteurs servant aussi optionnellement a isoler la 
zone de pulverisation principale des zones de pui- 35 
verisation secondares. 

12. Appareil selon la revendication 1, comportant la 
commande thermique separee de sources de va- 
peur et la commande de puissance de pulverisation *o 
separee de magnetrons auxiliaires composant les- 
dits moyens de revetement auxiliaires afin de com- 
mander avec precision des rapports elementaires 
dans la couche mince de compose deposee de pul- 
verisation finale. 45 

13. Appareil selon la revendication 1, dans lequel les 
moyens de revetement auxiliaires controlables 
comprennent chacun une source de vapeur com- 
portant un recipient de matiere avec couvercle et so 
un moyen de chauffage controle, un conduit de va- 
peur connecte audit recipient de matiere au moyen 
d'une structure d'ouvertures selectionnees, lesdits 
conduits de vapeur etant termines dans une region 

de tranquillisation, ladite region de tranquillisation ss 
6tant.placee a proximite de la surface de cathode 
de pulverisation de magnetron principale rotative 
avec un ecart minimum coherent avec la precision 



de rotation de ladite surface de cathode de.magne- 
. tron rotative. 

14. Appareil selon la revendication 1, dans lequel |e 
moyen de revetement auxiliaire contrdlable com- 
prend un recipient de matiere fondue a moyen de 
chauffage controle, avec au moins un rouleau pour 
transferer la matiere fondue depuis ledit creuset 
Jusqu'a la surface de la cathode de pulverisation de 
magnetron principale rotative qui est en contact 
avec ledit rouleau, avec un moyen de rotation pour 
synchroniser la rotation dudit rouleau et de la sur^ 
face de ladite cathode rotative. 

15. Appareil selon la revendication 1, dans lequel. le 
moyen de revetement auxiliaire enrobe la surface 
de ladite cathode principale avec une matiere pre- 
curseur par une combinaison selective de sources 
de vapeur thermiques et par de la matiere pulveri- 
see depuis un magnetron porteur rotatif auxiliaire, 
la surface de la cathode auxiliaire etant enrobe e par 
des enrobeurs a rouleau de matiere fondue dans 
lequel ladite cathode porteuse principale rotative' 
porte ladite matiere precurseurjusque dans une zo- 
ne de pulverisation par plasma asspciee dans la- 
quelle ladite matiere precurseur est convertie en le- 
dit compose chimique. 

16. Appareil selon la revendication 1, dans lequel le 
moyen de revetement auxiliaire enrobe la surface 
de cathode principale rotative avec une matiere 
precurseur par une combinaison selectionnee de 
sources de vapeur thermiques et par de la matiere 
pulverisee par un magnetron porteur rotatif auxiliai- 
re, la surface de la cathode auxiliaire ayant ete pre- 
enrobee avec une matiere selectionnee avant I'in- 
sertion dans ladite chambre de revetement evacua- 
ble, dans lequel ladite cathode porteuse principale 
rotative porte ladite matiere precurseurjusque dans 
une zone de pulverisation par plasma associee 
dans laquelie ladite matiere precurseur est conver- 
tie en ledit compose chimique. 

17. Procede de pulverisation d'une couche mince de 
compose de matieres de revetement selectionnees 
sur des substrats selectionnes, comprenant la four- 
niture cfune chambre de revetement evacuable, 
contenant une cathode principale rotative refroidie 
thermiquement, une pluraiite de moyens de revete- 
ment auxiliaires controlables pour enrober la surfa- 
ce de ladite cathode principale avec une pluraiite 
de matieres selectionnees, caracierise en ce que 
Ja cathode principale rotative est une cathode por- 
teuse et en ce que lesdits moyens de revetement 
auxiliaires controlables sont forces a cooperer pour 
deposer sur la surface de ladite cathode porteuse 
principale un enrobage a matieres multiples conte- 
nant toutes les matieres necessaires dans des 
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quantites controlees, dans lequel ledit enrobage a 
matures multiples sur la surface de ladite cathode 
porteuse principale est tourne dans une zone de 
pulverisation par plasma de ladite cathode princi- 
pale, forgant le depot de la couche mince de com- 5 
pose selectionnee sur au moins un substrat. 

18. Procede selon la revendication 18, comportant la 
variation cyclique de la puissance de pulverisation 
appliquee a ladite cathode porteuse principale a un 10 
taux lie a la Vitesse de rotation de ia cathode prin- 
cipale de maniere a ameliorer I'uniformite de la 
composition chimique de la couche mince de com- 
pose deposee. 

15 

PateritansprGche 

1. Vorrichtung zum Sputtern eines Verbunddunnfiims 
aus gewahlten Beschichtungsmaterialien auf ge- 20 
wahlte Substrate, umfassend eine evakuierbare 
Beschichtungskammer (2), eine thermisch gekuhl- 

te, rotierende, Primarmagnetron-Sputterkathode 
(18), eine Mehrzahl von steuerbaren Zusatzbe- 
schichtungsmitteln (31, 32), wobei die genannten 25 
Zusatzbeschichtungsmittel zum Beschichten der 
Oberflache der genannten Primarkathode mit einer 
Mehrzahl von gewahiten Materialien, dadurch ge- 
kennzelchnet, dass die rotierende Primarkathode 
eine Ersatzkathode ist und die genannten steuer- 30 
baren Beschichtungsmittei zusammenwirken, um 
einen aile notwendigen Elemente in dosierten Men- 
gen enthaltenden Mehreiementuberzug auf die ge- 
nannte primare Ersatzkathode aufzubringen, wobei 
der genannte Mehreiementuberzug in eine Sputter- 35 
Plasmazone (26p) der genannten Primarkathode 
gedreht werden kann, die den genannten gewahl- 
ten Verbunddunnfiim auf die genannten Substrate 
(48) aufsputtert. 

40 

2. Vorrichtung nach Anspruch 1 mit Mitteln zum zykii- 
schen Variieren der Sputterleistung der genannten 
primaren Ersatzkathode mit einer Rate, die auf die 
Drehzahl der Primarkathode bezogen 1st, um die 
(Gleichformigkeit der. chemischen Zusammenset- *5 
zung des genannten aufgebrachten Verbunddunn- 
fiims zu verbessem. 

3. Vorrichtung nach Anspruch 1, einschlieRlich der 
Verwendung eines Elektronenlnjektionsmittels zum 50 
Injizieren von Elektronen In ein gewahltes Ende ei- 
ner engeh Plasmasputterzone zwecks Verbesse- 
rung der Qleichformigkeit des aufgebrachten Films. 

4. Vorrichtung nach Anspruch 1 , bei der das genannte 55 
Mittel zum Beschichten der Oberflache der genann- 
ten rotierenden primaren Ersatzkathode mit Mate- 
rial, das In.eine Aufsputterungszone gefuhrt werden 



soil, eine Mehrzahl von erhitzten, warmegeregelten 
Dampfquellen (2) aufweist, wobei Jede der genann- 
ten Dampfquellen die Dampfe des gewahlten Ma- 
terials durch ein Muster aus mehreren Ofmungen 
In einen Dampfkanal (3, 3 1 ) ausstoRt, wobei die ge- 
nannten Kanale in einer Plenumkammer zusanrv 
menkommen, die einen geringen Abstand von der 
genannten Kathodenoberflache (19) hat, wobei in 
der genannten Plenumkammer die genannten 
Dampfe im Wesentlichen vermischt werden, warv? 
rend sie auf der Oberflache der genannten rotieren- 
den Ersatzkathode zu einer einzigen einheitlichen 
Oberzugsschicht mit geregelter Starke kondensie- 
ren. 

Vorrichtung nach Anspruch 1 , bei der das genannte 
Mittel zum Beschichten der Oberflache der genann- 
ten rotierenden primaren Ersatzkathode eine Mehr- 
zahl von erhitzten, warmegeregelten Dampfquellen 
(2) aufweist, wobei jede der genannten mit dem ge- 
wahlten Material gefullten Dampfquellen Dampfe 
durch ein Muster aus mehreren Offnungen in einen 
Auslassverteiler ausstdftt, wobei die genannten 
Dampfqueilenverteiler einen geringen Abstand von 
der genannten Kathodenoberflache haben, wo^ 
durch bewirkt wird, dass die genannten Dampfe auf 
der Oberflache der genannten . rotierenden Ersatz- 
kathode zu einer Mehrschichtkonfigu ration konden^ 
sieren, wobei jede der genannten Schichten eine . 
separat geregelte Starke aufweist; 

Vorrichtung nach Anspruch 1, bei der das genannte 
Mittel zum Beschichten der Oberflache der genann- 
ten rotierenden primaren Ersatzkathode (18) rotie- 
rende Zusatzmagnetron-Ersatzsputterkathoden 
aufweist, die mit einer gewahlten Kombination yon 
erhitzten, warmegeregelten Dampfquellen be- 
schichtet werden, wobei die genannten, mit einem 
gewahlten Material gefullten Quellen Dampfe durch 
ein Muster aus mehreren OfFnungen in einen Aus- 
lasskanal ausstoRen, wobei die genannten Dampf- 
quellenkanale einen geringen Abstand von den ge- 
nannten Kathodenoberflachen haben, wpdurch be- 
wirkt wird, dass die genannten Dampfe auf den ge- 
nannten rotierenden zusatzlichen Ersatzkathoden- 
oberfiachen mit einer geregelten Starke kondensie- 
ren. ' * 

Vorrichtung nach Anspruch 1, bei der das genannte 
Mittel zum Beschichten der Oberflache der genann- 
ten rotierenden primaren Ersatzkathodenpberfla- 
che, wahrend sie sich in einer evakuierbaren Be- 
schichtungskammer befindet, eine gewahlte Kom- 
bination aus rotierenden Zusatzmagnetron-Ersatz- 
sputterkathoden beinhaltet, die mit HIife von erhitz- 
ten Schmelzmetalltiegeln (40) beschichtet werden,. 
die Rollentransportmittel (34, 36) aufweisen, um 
dosierte Mengen eines geschmolzenen Materials 
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mit einer Starke auf die genannte Zusatzkathoden- 
oberflache zu geben, die ausreicht, damit Material 
fur wenigstens eine Rotation der genannten Zu- 
satzkathode vorhanden 1st, die aber gering genug 
1st, damit das Material im geschmolzenen Zustand 
nicht tropft, so dass eine wesentlich hohere Sput- 
terieistung auf die genannte Zusatzkathode ange- 
wendet werden kann. 

8. VorrichtungnachAnspruchl.bei der das genannte 
Mittel zum Beschichten der Oberflache der genann- 
ten rotierenden primaren Ersatzkathodenoberfia- 
che, wahrend sie sich in einer evakuierbaren Be-? 
schichtungskammer befindet,. einen erhitzten 
Schmelzmetalltiegel (40) aufweist, der Rollentrans- 
portmittei (34, 36) aufweist, um dosierte Mengen ei- 
nes geschmoizenen Materials auf eine primare ro- 
tierende Magnetron-Sputterkathodenoberf lache 
mit einer Starke zu geben, die ausreicht, damit Mar 
terial fur wenigstens eine Rotation der genannten 
Zusatzkathode vorhanden ist f die aber gering'ge- 
nug ist, damit das Material im geschmolzenen Zu- 
stand nicht tropft, so dass eine wesentlich hohere 
Sputterleistung auf die genannte Primarkathode 
angewendet werden kann. 

9. Vorrichtung nach Anspruch 1 , bei der das genannte 
Mittel zum Beschichten der Oberflache der genann- 
ten rotierenden primaren Ersatzkathodenoberfla- 
che, wahrend sie sich in einer evakuierbaren Be- 
schichtungskamrner befindet, eine gewahlte Kom- 
bination aus rotierenden Zusatzkathodenoberfla- 
chen (31) beinhaltet, die vor dem Einfuhren in die 
genannte evakuierbare Kammer mit Material vorbe- 
schichtet werden, das, wenn es auf kontrollierte 
Weise auf die genannte rotierende Primarkathode 
gesputtert wird, mit anderen Materiaiien zusam- 
menwirkt, die auf die genannte rotierende primare 
Ersatzkathode aufgebracht wird, um einen Dunn- 
film mit einer gewflnschten Menge des genannten 
vorbeschichteten Materials in dem genannten 
Dunnfilm aufzubringen. 

10. Vorrichtung nach Anspruch 1 , bei der das genannte 
Mittel zum Beschichten der Oberflache der genann- 
ten rotierenden primaren Ersatzkathodenoberfla- 
che eine gewahlte Kombination aus rotierenden Zu- 
satzkathodenoberflachen beinhaltet, die mit Hiife 
von Schmelzmetalltiegeln und Dampfquellen mit 
Materiaiien beschichtet werden, die bei der Ver- 
dampfung oder beim Sputtem in einen Feststoff und 
ein Gas zerfailen. 

11. Vorrichtung nach Anspruch 1 mit Gasieltfiachen, 
die von dem genannten Zusatzbeschichtungsmittel 
ausgesto&ene Gase leiten, wobei die genannten 
Leitflachen bei Bedarf auch die Aufgabe haben, die 
Primarsputterzone von Zusatzsputterzonen zu iso- 



lieren. . 

12. Vorrichtung nach Anspruch 1, rriit dem separaten 
Dampfquellenwarmeregler und einem separaten 
5 Zusatzmagnetron-Sputterieistungsregler, umfas- 
send das genannte Zusatzbeschichtungsmittel, um 
- Elementarverhaltnisse in dem endgultigen aufge-' 
sputterten Verbunddunnfiim genau zu regeln. 

10 13. Vorrichtung nach Anspruch 1 , bei der jedes steuer- 
bare Zusatzbeschichtungsmittel Folgendes um- 
fasst: eine Dampfquelie mit einem Materiaicontai- 
ner mit Deckel und gesteuertem Heizmittei, einen 
uber ein Muster auf gewahlten Offnungen mit dem 

15 genannten Materialcontainer verbundenen Dampf- 
kanal, wobei die genannten Dampfkanale in einer 
Plenumregion enden, wobei sich die genannte 
Pienumregion neben der rotierenden Primarma- 
gnetron-Sputterkathodenoberflache mit einem mi- 

20 nimalen Spalt befindet, der mit der Rotationsgenau- 
igkeit der genannten rotierenden Magnetronkatho- 
denoberflache ubereinstimmt. 

14. Vorrichtung nach Anspruch 1, bei der das steuer- 
25 bare Zusatzbeschichtungsmittel einen Schmelzma- 
terialcontainer mit einem gesteuerten Heizmittei 
umfasst, mit wenigstens einer Rolle zum Transpor- 
tieren von Schmelzmaterial von dem genannten 
Tiegel zu der rotierenden Primarmagnetron-Sput- 
30 terkathodenoberflache, die mit der genannten Rolle 
in Kontakt ist, mit einem Rotationsmittel zum Synr- 
chronisieren der Rotation der genannten Rolle und 
der genannten rotierenden Kathodenoberflache. 

35 15. Vorrichtung nach Anspruch 1, bei der das Zusatz- 
beschichtungsmittei die Oberflache der genannten 
Primarkathode mit Precursor-Material mit einer ge- 
wahlten Kombination aus thermischen Dampfquel- 
len und Material beschichtet, das yon einem zusatz- 

40 lichen rotierenden Ersatzmagnetron gesputtert 
wird, wobei die Oberflache der Zusatzkathode mit 
Schmelzmaterial-Rollenbeschichtern beschichtet 
wird, wobei die genannte rotierende primare Er- 
satzkathode das genannte Precursor-Material in ei- 

45 ne assoziierte Piasmasputterzone tragt, in der das 
genannte Precursor-Material in die genannte che- 
mische Verbindung umgewandelt wird. 

16. Vorrichtung nach Anspruch 1, bei der das Zusatz- 
50 beschichtungsmittel die Oberflache der rotierenden 
Primarkathode mit Precursor-Material mit einer ge- 
wahlten Kombination aus Warmed ampfquellen und 
Material beschichtet, das von einem zusatzlichen 
rotierenden Ersatzmagnetron gesputtert wird, wo- 
55 . bei die Oberflache der Zusatzkathode vor dem Ein- 
fuhren in die genannte evakuierbare Beschich- 
tungskammer mit einem gewahlten Material be- 
schichtet wird, wobei die genannte rotierende pri- 
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mare Ersatzkathode das genannte Precursor-Ma- 
terial in eine assoziierte Plasmasputterzone tragt, 
In der das genannte Precursor-Material in die ge- 
nannte chemische Verbindung umgewandelt wird. 

5 

17. Verfahren zum Sputtern eines Verbunddunnfilms. 
aus gewahlten Beschichtungsmateriaiien auf ge- 
wahlte Substrate, umfassend das Bereitstellen ei- 
ner evakuierbaren Beschichtungskammer, die eine 
thermisch gekuhlte rotierende Primarkathode ent- w 
halt, einer Mehrzahl von steuerbaren Zusatzbe- 
schichtungsmittein zum Beschichten der Oberfla- 
che der genannten Primarkathode mit einer Mehr- 
zahl von gewahiten Materialien, dadurch gekenn- 
zelchnet, dass die rotierende Primarkathode eine 15 
Ersatzkathode 1st und dass bewirkt wird, dass die 
genannten steuerbaren Zusatzbeschichtungsmittel 

. zusammenwirken und einen alfe benotigten Mate- 
rialien in dosierten Mengen enthaltenden Mehrstoff- 

. Dberzug auf die Oberflache der genannten prima- 20 
ren Ersatzkathode aufbringen, wobei der genannte 
Mehrstoffuberzug auf der Oberflache der genann- 
ten primaren Ersatzkathode in eine Sputterplasma- 
zone der genannten Primarkathode gedreht wird, 
wodurch bewirkt wird, dass der gewahlte Verbund- 25 
dunnfilm auf wenigstens ein Substrat aufgebracht 
wird. 

18. Verfahren nach Anspruch 18, umfassend den 
Schritt des zyklischen Variierens der Sputterlei- 30 
stung auf die genannte primare Ersatzkathode mit 
einer Rate, die auf die Drehzahl der Primarkathpde 
bezogen 1st, um die Gleichformigkeit der chemi- 
schen Zusammensetzung des aufgebrachten Ver- 
bunddunnfilms zu verbessem. Transl. notes: 35 

. 1) Claim 1. lines 7 to 9: There is a verb missing 
in the part between "said auxiliary coating me- 
ans' 1 and "selected materials", I have translated 

. it literally as it is. *o 

2) Claim 10, lines 28 and 29: Qne occurrence 
of "surface" in "coating the surface of said rota- 
tin primary Surrogate cathode surface" ap- 
pears to be redundant. However, I have rende- 45 
red this literally as it is. 
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